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Abstract

This memo describes the LLRMP, a lightweight link level signalling protocol used to
setup resources in shared medium and bridged or switched LANs. Network layer
resource management protocols like RSVP or STII, or a local network manager, may
invoke the LLRMP to request a certain quality of service over a bridged LAN.

The LLRMP protocol supports a distributed admission control over each shared
medium segment within the bridged LAN. Each node running the protocol has knowl-
edge about the resources reserved on its local network segment. Resources are reserved
independently on each segment, as a LLRMP reservation message travels along the
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1. Introduction

The Link Level Resource Management Protocol (LLRMP) was designed to setup resources in local,
shared medium and bridged/switched networks. This document describes the protocol properties and
mechanisms used to achieve this. Even though the protocol is discussed based on examples which
assume Demand-Priority networks, it does not take any advantage of technology specific features. The
LLRMP can be used to dynamically reserve resources in heterogeneous bridged/switched networks
composed of segments of a different technology e.g. Ethernet, Token Ring, FDDI and 100VG-Any-
LAN. The reservation setup for those segments will only differ with regard to link specific information

to be carried by the LLRMP and the actual admission control algorithm applied to control the access to
the link.

Network layer resource management protocols like RSVP or STII may invoke the LLRMP to request a
certain quality of service over a particular bridged LAN. After receiving such a request the LLRMP
distributes the required per-flow information to all bridges and switches along the data path between
the source and all receiver(s), and initiates admission control on each of the intermediate links.
Resources are reserved when necessary and available.

The LLRMP is a new link level protocol which uses a rehertypefor carrying control information
between end-hosts and bridges/switches. The protocol runs on end-hosts and on bridges. However, for
example on 100VGAny-LAN networks, only end-hosts which use the high priority service need to be
updated. Nodes which only send with normal priority are not affected. The deployment of the LLRMP
protocol in bridges can be performed gradually since the protocol can work transparently through
bridges and switches which do not support it. This would allow an administrator to initially control
resources on bottleneck segments within the bridged LAN.

The LLRMP is designed independent of any network layer resource management. This allows the
LLRMP to simultaneously serve requests from different upper layer management entities e.g. RSVP,
STII or any local network management system. Reservations are established and torn down dynami-
cally. The protocol also dynamically adapts to topology changes. Protocol state is usually only main-
tained in bridges along the data path and not in every bridge on the LAN. We assume standard IEEE
802.1 learning bridges [8]. In order to forward control-messages efficiently, the LLRMP entity on a
bridge needs access to the local MAC address table. However, the protocol does not perform any rout-
ing functionality. This is assumed to be carried out by other link layer mechanisms e.g. the standard
learning process.

The LLRMP protocol supports a distributed admission control over each shared medium segment
within the bridged LAN. Each node running the protocol has complete knowledge about the reserved
resources on its local network segment. This allows the local node to reject reservation requests with-
out transmitting a control message if there are insufficient link resources. Resources are reserved inde-
pendently on each segment, on a hop-by-hop basis, as a LLRMP reservation message travels along the
data path from the source to the receiver. Unicast and multicast flows are supported.
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Throughout this draft, we expect the reader to be familar with RSVP [1], STII[2] and the current drafts
for advanced services e.g. [4 - 6] proposed in the Integrated Services IETF working group. The remain-
der of this document is organized as follows. Section 2 provides an overview of the system and lists the
key features of the LLRMP. This is followed by a discussion on the LLRMP message types, the
receiver- and the reservation model used. We then describe the protocol mechanisms and present the
rules for forwarding control packets. Section 3 discusses service mapping issues. The relationship of
LLRMP to network layer resource management protocols like RSVP and STII, and the support of
RSVP reservation styles is explained in section 4. Section 5 provides the Functional Specification.

2. System Model and LLRMP Features

We assume a LAN architecture which may have a pure shared, pure switched, or shared and switched
topology. Heterogeneous technologies are assumed to be used for different segments of the bridged/
switched LAN. An example for a bridged LAN is illustrated in Figure 1. It consists of a shared back-
bone segment and several multiport bridges connecting workgroup segments to the backbone. A router
and a few special hosts e.g. servers are connected directly to the backbone. Since a pure switched net-
work topology is a special case of a shared one, we discuss the operation of the LLRMP protocol in a
shared environment as the more general case.

T ? 9
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' Router
? Host

= DBridge
Figure 1:Example bridged LAN Topology.

We assume in the following discussion, without loss of generality, that advanced link layer services are
built on top of prioritized medium access mechanisms as offered for example in FDDI, Token Ring or
100VGAnNy-LAN networks. Each host on a segment using such a prioritized access is expected to run
the LLRMP. If a link technology cannot support several priority levels then the best effort traffic could
be isolated e.g. by using a pure switched topology and priorities in switches.

On shared medium segments, rate regulation needs to be done in all hosts injecting prioritized data
packets into a segment. The rate regulator controls the amount of prioritized data sent by the host in a
certain time interval. This is controlled by the LLRMP. The transmission of best effort traffic is not

restricted since it uses a separate output queue of lower priority. We expect the LLRMP and the rate
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regulator to be implemented as part of the device driver of a LAN adapter card. The LLRMP entities of
different adapter cards on the same node operate independently from each other.

Bridges are assumed to be able to classify data packets and forward them according to the service
assigned to the corresponding session. A simple classification at the link layer for multicast flows
might be based on the multicast destination address, assuming that multicast addresses are uniquely
assigned within the bridged network. The classification for unicast flows is left for future discussion.

Whether or not rate regulators are required in bridges depends on the service, the reservation style and
the link technology. For example, a controlled load service on bridged 100VGAny-LAN networks can
be provided without rate regulators in bridges if: (1) the traffic is regulated at the source nodes which
use the high priority access mechanism, and (2) distinct resources for each traffic source are allocated.
If bridges do support rate regulation then this needs to be controlled by the LLRMP.

The LLRMP uses the soft state concept, as proposed in RSVP, for managing reservation state in hosts
and bridges. Resources are reserved for simplex data streams. There is one important control message
in the LLRMP protocol: the reservation request message. This message is used to create, modify, peri-
odically refresh and tear down reservation state. In the absence of refreshes, the state automatically
times out. Reservation request messages are sent using prioritized medium access e.g. the high priority
service on Demand priority networks in order to minimize control packet loss. Resources are reserved
independently on each segment in the data path, as the LLRMP request message travels through the
bridged network. The reservation model is sender-based which ensures simplicity. Resources are
requested at the node where the traffic enters the link.

The LLRMP includes two different strategies for admitting and rejecting reservation requests. The first
uses an optimistic approach: after successfully performing admission control for a flow on the local
node, the requested service is immediately enabled for data packets of the admitted flow. Possible res-
ervation state inconsistencies on different nodes on the segment are resolved using a distributed reject
mechanism whereby a service request can be rejected by any node on the same segment. The second
approach is pessimistic. It uses an explicit acknowledgement message sent by a single dedicated node
on each segment in order to permit the request. The requested service at the source node is only ena-
bled after the source node has received the acknowledgement message. The dedicated node is automat-
ically elected on each segment using a simple election mechanism.

Both admission strategies represent a compromise between control packet overhead and probability of
service violation. For shared medium segments, we propose using the optimistic approach for services
which do not provide hard guarantees e.g. a controlled load service, and the pessimistic approach for a
guaranteed service. On full duplex switched segments, the pessimistic approach can be used for all
types of service since the switch has complete control over the outgoing link.

Summarizing, the key features of the LLRMP protocol are:
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a) The allocation concept is distributed, there is no central allocation manager for the entire bridged
LAN. Each node using the protocol has complete knowledge about all reserved resources on its
local network segment.

b) The protocol is basically a simple, single message protocol. Resources are resarequbss
Soft state is installed in hosts and bridges. The state is created, modified, torn down and refreshed
by the source. Synchronization mechanisms between senders and receivers are assumed to be at a
higher level than the link level (e.g. performed by RSVP, ST-1I, or local network management).

c) The LLRMP protocol is independent of the network layer resource management mechanisms.

d) Resource management is supported for unicast and multicast data. Distinct or shared reservations
can be created depending on (1) the reservation request from the user, (2) the ability of bridges to do
policing and rate regulation.

e) The protocol supports heterogeneous receiver requests for the same multicast group. However it is
assumed that the majority of receivers in the bridged LAN can be satisfied witiceher wild-
card servicdor this multicast group. Only special nodes e.g. routers and gateways might need dif-
ferent reservations because they connect receivers in the WAN.

f) LLRMP protocol state is only maintained along the data path between source and receiver and not
in every bridge in the bridged network. This assumes standard learning bridges.

g) Reservation requests may be gathered into large packets in bridges to reduce the overall control traf-
fic load.

h) The LLRMP protocol mechanisms are identical for end-nodes and bridges. However bridges are
connected to multiple network segments. Bridges also have to make forwarding decisions for reser-
vation request messages.

i) The LLRMP can operate in a heterogeneous bridged environment, where only a few bridges sup-
port the new protocol. Parts of the network which do not support the LLRMP are treated as a single
logical segment by the LLRMP.

2.1 LLRMP Message Types

The LLRMP contains five control messages used to manage and maintain a consistent reservation state
on all nodes on the segment. Note that most of these message types are only used for error state notifi-
cation and recovery. If the protocol state is consistent then resources are reserved, modified and torn
down with asingle control message: theservation requesinessage. This assumes the optimistic
setup approach. Reservations that exceed the resource limit are rejectedejsicigreessage.

In order to periodically force all nodes to report their resources allocpted;messages are periodi-

cally multicasted. Arerror message reports the case when sufficient resources could not be reserved
on a particular segment within the data path. If the reservation setup uses the pessimistic setup
approach then this requires one additional messagackinewledgmennessage.
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2.1.1 The Reservation Request Message

The LLRMP performs a sender-based reservation setup. Resources are reserved on each intermediate
segment when the reservation request message travels along the data path from the source to the
receiver. A LLRMP reservation request contaisgrvice_id a flow specificatiofrSpec a traffic spec-

ification TSpe¢and one or more receiver specificati®ecvSpec

service_id

Theservice_idselects the LLRMP service requested. This might for example identify the con-
trolled load service. However, the end-to-end service provided is determined by the quality of
service provided on the intermediate links along the data path. Different link technologies may
offer different services so service parameters are mapped by the LLRMP whenever the link
technology along the data path changes.

FSpec

The flow specificatiofrSpecis used to identify the flow and to classify the corresponding data
packets. Filter information from tHeSpeds passed to the local packet classifier on each bridge

in the data path. The filter may select parts of the link level header such as the MAC destination
address and/or header fields of higher level protocols. We first assume a simple classification
using only multicast MAC addresses.

TSpec

The TSpeccharacterizes the data stream injected into the network. It determines the resources
reserved during admission control. If a reservation request is admittedSpleeis passed to

the local rate regulator which enforces the conformance of the data flow to the traffic specifica-
tion.

The TSpecis service specific. Its format and parameters are defined by the IETF Integrated
Services working group. However tii&peanay optionally also contain link specific parame-

ters required for admission control, for example data flow characteristics measured at link layer
at the entrance of a segment. The distributed admission control strategy used in the LLRMP
requires this information to be carried from the source to all other nodes on the local segment.

RecvSpec

The receiver specificatidRecvSpedentifies a single receiver or a group of receivers. A single
RecvSpeconsists of a receiver identifisxceiver_idand the service requeRSpecrequested

by that receiver. In the unicast case, tbeeiver_idcontains the unicast MAC address of the
receiver. If resources are requested for a multicast group thezcthieer_idcan either contain
the unicast MAC address of a special member of the group e.g. of a routezceivar wild-
card. Thereceiver wildcardselects all receivers of a multicast group in the bridged LAN.

The service reque®Speds also service specific. The format is defined by the IETF Integrated
Services working group. Note that the LLRMP has to undersiSpes andRSpecdecause it
merges reservations in case the reservation type is shared.
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2.1.2 The Reject Message
A LLRMP reject message is only sent if a node made an accidental over limit reservation. The message
carries th&=Spec¢ theTSpecand arerror_code

FSpec

TheFSpedn reject message is used to identify the flow and the corresponding originator of the
reservation request.

TSpec

TheTSpedescribes the traffic characteristic, the source node on the local segment is allowed to
send. This ensures that a node keeps its old reservations when a new request for more resources
is made. Note that reject messages are only used on shared segments. In a full duplex switched
environment reject messages are never sent since each switch has complete control over the
resources of each outgoing link.

error_code
Theerror_codespecifies the reason why the reservation request failed.

2.1.3 The Query Message

The query message is primarily used by a node to quickly learn the reservation state on a local segment
because all nodes receiving a query will report their reservation state within a defined time interval.
The query message only consists of the general LLRMP header.

The parameters carried in theknowledgmerénderror message are defined in a future draft. Note
that a LLRMP control message may contain multiple reservation requests or rejects. This is especially
useful when several reservations from the same source node e.g. a bridge need to be refreshed.

2.2 Receiver Model

A LLRMP reservation request message may include a siRgtySpecor a list ofRecvSpecsThis

allows the protocol to differentiate different receivers of the same multicast group. Fozascér_id

specified in the reservation request, the LLRMP reserves at least the corresfiifiéaglong the
data path to that receiver. The default quality of service specified in the receiver wikidca$pec
entry is applied to all receivers which are not in the list.

We expect that most receivers of the same multicast group can be served wetdether wildcard

service and so the list &ecvSpecwill typically be small. This is because most multicast receivers in

the bridged LAN encounter the same network conditions and may thus be satisfied with the same qual-
ity of service. Only a few special nodes like routers or gateways might need a more stringent service
e.g. a lower delay bound, because they connect multicast receivers in the WAN. In this case a large
fraction of the end-to-end delay is consumed in the WAN which may then impose a tighter delay bound
on the LAN. However a single reservation message can, depending on the service, accommodate about
100 differentRecvSpecavhich seems to be sufficient for existing LANs which usually have only one
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or two connection points to the outside world. If a larger number is required, then the reservation
request can be split over multiple packets

We chose the sender based reservation setup because it allows resources to be reserved with only a sin-
gle message. This simplifies the design and ensures a fast setup. The protocol scales well as long as the
list of RecvSpecwithin the reservation request message is sufficiently small per multicast group.

2.3 Reservation Model

Resources are reservedoine pasdy the LLRMP. There is no mechanism for end-hosts to adjust res-
ervations on single segments within the data path e.g. to decrease the delay bound on one link and relax
the request on another.

A heterogeneous reservation model would require additional control messages travelling along the
reverse data path from the receivers back to the data sources. Whether such a reservation model is
required in bridged/switched LANS is left for further study.

However, the LLRMP reservation request message may carry service parameters e.g. the end-to-end
delay, the bridge-hop count, etc. . This would allow support of a heterogeneous reservation model sim-
ilar to theOne Pass with Advertisin@®@PWA) scheme presented in [7].

2.4 Protocol Mechanisms

2.4.1 Reservation and Reject Mechanism - The Optimistic Approach

Whenever the LLRMP receives a reservation request for a segment, it first performs admission control
using its current reservation data base. If the test fails then the reservation request is immediately
rejected without any signalling on the network. If the admission control was successful, then the
LLRMP updates its local data base and sends a reservation request message onto the local segment. It
also informs its local classifier and rate regulator about the existence of the new flow. After the classi-
fier has installed the filter for the new flow, all data packets matching this filter are transmitted using the
specified medium access mechanism e.g. a certain priority level specified by the admission control
scheme.

The reservation request message is multicasted to all other LLRMP entities on the local segment using
the highest priority medium access mechanism available on the segment. The message is addressed to
a well-known, LLRMP specific multicast address. After receiving the request, each node itself does
admission control for the request using its own view of the total reserved resources and, if successful,
updates its local data base.

If the admission control fails then a node assembles a reject message and schedules it for transmission
within a random time interval between > 0 alfid seconds. This process happens on all nodes. How-
ever there is one node on the segment which is allowed to send its reject immediately. This is the
electedarbiter of the network segment.
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Whenever other nodes receive a reject from the segment arbiter, they cancel the reject message they
have scheduled, if they have one. This mechanism ensures that requests on a segment are usually
rejected by just one node: the arbiter. However all other nodes set up a reject message in case the arbi-
ter fails or has not received the request. After receiving a reject from the network, the originator of the
request updates its data base and reports the error to the calling application.

Note that LLRMP-aware bridges do not flood reservation request messages. They usually only forward
request messages along the data path using the forwarding rules provided in section 2.4.6 .

Robustness of The Optimistic Approach

Whenever the reservation state on all nodes on the segment is consistent, then reservation requests
which cannot be served due to a lack of resources are rejected by the admission control on the local
node. No signalling is carried out. However, if reservation messages go missing, or service requests are
made at the same time on different nodes, then the reservation state in the network becomes inconsist-
ent. This might affect the service of all flows using a certain priority level.

The Optimistic Approach can tolerate the loss of a single control message without any impact. Two or
even more reservation requests can go missing at several nodes (e.g. due to congestion) as long as there
is at least one node on the segment which has received all the messages. This doesn’t have to be the
arbiter since all nodes are able to reject reservation requests. Any failure of the arbiter is resolved by
the arbiter election process discussed later in section 2.4.4 . If the arbiter crashes then a new node is
automatically elected.

Inconsistencies of the reservation state are resolved by the refresh mechanism. Reservation messages
periodically update the status information on all nodes in the network. The frequency of the refresh is
determined by a query interval which is discussed later.

The LLRMP reserves some resources on each segment for its control traffic. The probability that reser-
vation messages go missing is very small since control messages are transmitted over a single segment
using a high priority medium access mechanism. In bridges and switches, control messages are passed
to the processor queue and not to a (possibly congested) link output queue. It should be emphasized
that with the optimistic approach, the quality of the link level service is only affected if over-limit res-
ervations are made during inconsistent reservation state conditions.

2.4.2 Reservation and Reject Mechanism - The Pessimistic Approach

The pessimistic approach uses an explicit acknowledgment of reservation requests to prevent any pos-
sible service violation due to inconsistent reservation state on different nodes on the segment. As in the
previous approach, after invocation, the LLRMP first performs admission control using the current
local reservation data base. Requests are immediately rejected if this test fails. If the admission control
was successful, then the LLRMP updates the local data base and sends a reservation request message
onto the local segment. However, unlike the optimistic approach, the local classifier and the local rate
regulator are not updated until the request was acknowledged by the segment arbiter.
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After receiving the request message all nodes, except the segment arbiter, immediately update their
local data base. Admission control for the request is actually carried out by the arbiter, using its own
view of all the resources reserved on the segment. If the test fails then the arbiter sends a reject message
back. The reject is also multicasted, so that all nodes on the segment can adjust their local data base
according to th& Specreceived within the reject message. The originator of the reservation request
additionally informs the calling application, or reports an error back to the source if the originator was

a bridge.

The arbiter returns an acknowledgement message if the request passed the admission control test.
Upon receiving this acknowledgement, the originator of the request informs its local classifier and the
rate regulator about the new flow. This enables the requested quality of service and the rate control
mechanism for this flow.

The loss of a reservation request or reject message is covered by the periodic refresh mechanism. To
improve the recovery time in case of control packet loss, every node decreases the refresh interval for
all flows with locally admitted, but unacknowledged resources. As in the Optimistic Approach, any
failure of the arbiter is resolved by the dynamic arbiter election process discussed later.

The pessimistic approach prevents any possible service violation due to inconsistent state conditions at
the expense of an explicit acknowledgement for each new reservation request. However, the additional
overhead seems to be acceptable since each segment in the bridged LAN has its own arbiter which
keeps the overall approach decentralized. Furthermore, all nodes which are not the arbiter reject local
reservation requests if their local admission control failed.

2.4.3 Reservation Refresh Mechanism

The reservation state on all nodes is aged out if not refreshed. Each LLRMP node periodically
refreshes the reservation information held about it at all other nodes on the segment by sending a reser-
vation message. All refreshes are synchronized by a query mechanism. The arbiter periodically sends a
LLRMP guery message onto the network. Whenever a node receives a query, it responds with a reser-
vation message reporting the current local reservation state. The reservation request is scheduled
within an arbitrary time interval of lengfD to avoid congestion. Note that each node only reports its

own flows and not the ones learned from other nodes on the segment.

The query mechanism allows a node to quickly learn the total reservation state on the local segment. It
is also used to elect the segment arbiter.

2.4.4 Dynamic Segment Arbiter Election
By default, the arbiter is the node with the lowest MAC address on the segment. In bridged networks,
each segment has its own arbiter which might be an end-host or a bridge.

The arbiter election uses the query mechanism. If an LLRMP node comes up, then it first assumes that
it is the arbiter and thus queries the network by multicasting query messages. After receiving a query
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with a lower MAC source address, a node will reschedule its own query timer to be longer than the cur-
rent value. If the new node is itself the new arbiter then its query messages will update the query timer
on all other nodes, if not, then it will itself receive a query with a lower address. If the arbiter fails, the
query timer on other nodes runs out and finally another node becomes the arbiter.

Optionally a node can set anbiter flagin the LLRMP header of its query messages. This forces all
nodes which do not have thebiter flagset themselves to update their query timer, even if they have a
lower MAC address than the originator of the query messagearbiter flagallows a dedicated node

e.g. a network management station or a bridge to become the arbiter of the segment regardless of its
MAC address.

2.4.5 Request Modifications and Tear Down

LLRMP allows nodes to dynamically change their reservations. As with new requests the availability
of new resources is first checked by the admission control on the local node. After a successful admis-
sion, the new reservation state is distributed using the normal reservation request mechanism. Note that
a node always keeps its reservations while it attempts to increase them.

Reservation messages are also used to release resources. Nodes which want to decrease or delete
resources send a message with the new parameter set. If all resources for a flow are to be released then
NULL values for all resource-parameters are distributed withirT 8pecof the reservation request
message. This allows resources to be torn down quickly.

2.4.6 Bridged Networks

The LLRMP protocol mechanisms are identical for end-nodes and bridges. However bridges are con-
nected to multiple network segments and thus have to manage reservation state for each of their seg-
ments. For each reservation message received, bridges have to do the following tasks:

1. Perform admission control for the segment from which the request message was received. This
assumes that the optimistic approach is used for the reservation setup. If the pessimistic approach is
selected e.g. identified by the link level service used, then bridges only perform admission control if
they are the arbiter for this segment. This was discussed in the previous section.

2. Look up the local MAC address table and decide whether and what reservation request needs to be
forwarded onto other segments. This uses the unicast MAC addresses of the receivers, carried in the
RecvSpecsf the reservation request message.

3. Perform admission control for each of the segments to which the request needs to be forwarded. If
this test fails, send an error message back to the originator of the reservation request. Resources on
the previous segments in the data path are not torn down by the error message. This is left to the
originator who can then either: (1) use the existing reservations made, even if the setup to a single or
several receivers failed, (2) change the reservation request and try again, or (3) tear all reservations
down.

If the admission control was successful, then the bridge assembles the corresponding reservation
request message and forwards it onto the segment.
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The forwarding decision is based on matching address information found in the reservation request
message and in the MAC address table of bridges. The LLRMP makes its forwarding decision accord-
ing to the rules listed below. First assume unicast:

1. Areservation request does not need to be forwarded to other segments if the receiver MAC address
is registered in the MAC address table for the same port from which the reservation message was
received (Leaf Rule).

2. If the bridge has a table entry for the receiver on a port which is different to the one from which the
request was received, then it only forwards the entry through that port (Direct Path Rule).

3. If there is no receiver entry in the address table then the reservation request is forwarded to all seg-
ments, except the one from which the message was received (Flood Rule).

Multicast additionally requires the consideration of link layer multicast routing entries matching the
multicast destination address of the session. We assume a multicast routing mechanism as currently
being standardized in IEEE 802.1p.

If a receiver wildcardis specified in the request, then the reservation message is forwarded to all seg-
ments on which the multicast group is registered. The rules for unicast forwarding are additionally
applied to all unicast receiver addresses specified within the RaafSpecsf the reservation request
message. Whenever multiple receivers share a data path then the superseR8ptwis allocated.

Note that a reservation request for a multicast session does not have to contain a receiver wildcard
request. In this case, resources are only reserved along the data path towards group members explicitly
listed in the reservation request message.

Whenever a reservation request contains mulRelevSpecand the forwarding rule (1) or (2) applies
for one of the unicast MAC addresses listed in the reservation request message, then the corresponding
RecvSpeentry is removed from the request message, if that message needs to be forwarded onto any
of the segments on which the MAC address is not registered. This is illustrated later in Figure 2.

The forwarding process ensures that reservation messages are only forwarded along the data path
between sender and receiver(s). This relies on MAC address entries in the MAC address table of the
bridges. For reservation requests from RSVP and STII, these entries are likely to be there because: (1)
network layer management control messages are periodically exchanged. TH&SEHaadRESY
messages in RSVP amtELLO messages in ST-II. (2): applications with stringent service require-
ments are likely to be interactive, and will thus have a return control channel and/or a return data path.

However, the LLRMP still works when these address table entries are missing. In this case, reservation
messages become forwarded to all segments and will reserve the requested resources on the entire
LAN. This is equivalent to a network layer based allocation policy, where the link level structure of the
network remains hidden. Eventually, data packets will flow causing entries to be made in MAC address
tables of bridges and old reservations to time out on unused segments.
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An Example

The LLRMP reservation setup in a bridged LAN is illustrated in Figure 2 for a multicast session using
the group identifieg. There are three local multicast receiveds R2, RTand one data sour&L The
receiverdR1andR2 are to be served with the receiver wildcard seriR8pec_WThe routeRT con-

nects one or more receivers in the WAN. The local service requested imRSpec_RTWe assume

that RSpec_RTs more stringent thaRSpec_We.g. contains a lower delay bound, higher bandwidth
request etc. . Symbolically the LLRMP reservation request can be represented by:

LLRMP_REQUEST (service_id, FSpec, TSpec_S1, RecvSpec_RT, Recv9pec_W

whereservice_idis the requested service identifieE§pecthe flow specificationT Spec_Sihe traffic
characterisation of sourcl, RecvSpec_Rihe receiver specification for routefl, andRecvSpec_W

the wildcard receiver specification. The Flow specificaB@peccontains the address 8flLand the

group identifierg. This assumes a classification using only the multicast destination address for this
example. The symbolic representation of Speds:

FSpec (Addr_S1,9

whereAddr_Slis the MAC address of sourd andg the multicast group. The receiver specifications
for routerRT and the wildcard entry can be represented by:

RecvSpec_RT Addr_RT, RSpec_RT
RecvSpec_ W, RSpec_ W

whereAddr_RTdenotes the unicast MAC address of rolR&rand the asterisk the wildcard receiver
address. The LAN in Figure 2 consists of five segments and three bridges. The existing routing infor-
mation is illustrated for each bridge port, e.g. the multicast ggaspegistered on pop2 of bridge

B1 Portp3 of B1 additionally holds an enti&ddr_RTfor the unicast MAC address of router RT.

S1 R1
Segment 1 Segment 2
Segment 3
Pl | g,Addr RT pl | g, Addr_RT
B2 = B3
P2 |9 p2
Segment 4 —I L Segment 5
R2

Figure 2:Example - LLRMP Reservation Setup in a bridged LAN.
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The reservation setup starts on segment 1 when s8tipmrforms admission control and multicasts a
reservation request message to all other nodes on the segment. The reserved resources on segment 1 are
RSpec_RDbecaus&kSpec_RT > RSpec. W

After receiving the request message, briBddooks up its MAC address table and finds a multicast
routing entry for grouig on portp2 andp3, and the unicast entdddr_RTfor RTon portp3. For entry
Addr_RT the forwarding rule (2) (Direct Path) applies, so the corresponding reserR&jmc_ RT
only needs to be reserved on puBt Thus bridgeB1 allocatesRSpec_RTor portp3 and forwards the
request message onto the corresponding segdn&mceB1 has also a multicast routing entry on its
port p2, it must also reserve resources for the corresponding se@meéefdwever only resources
according taRSpec_Wheed to be reserved so the request message forwarded onto segaetite
format:

LLRMP_REQUEST (service_id, FSpec, TSpec_S1, RecvSpgc_W

The receiver specificatioRecvSpec_RMas been removed since rou¥ is known to be reachable
through porp3onB1.

Meanwhile, the reservation request message forwarded onto sejtrassets to bridgd2 andB3. On

bridge B2, the forwarding rule (1) (Leaf Rule) applies for the unicast etiyr RT However since

the multicast group is also registered on p@®, resources according RSpec_\Whecome reserved

for segmend. The request message forwarded has the same format as the one forwarded onto segment
2. BridgeB3 does not reserve any resources according to forwarding rule (1), becaus&carer

group g are registered on the port on which the request message arrives. Note that the reservation
request message is not forwarded onto segbekiter the reservation setup is finished, the following
resources are reserved:

Segment 1 :RSpec_RT
Segment 2 :RSpec_ W
Segment 3 :RSpec_RT
Segment 4 :RSpec_W
Segment 5: none

2.4.7 Dynamic Topology Changes

The LLRMP automatically recovers from dynamic topology changes using the reservation refresh
mechanism. Whenever the bridged topology changes, reservation refreshes are forwarded along the
new data path and will immediately reserve any missing resources. Old reservation state in bridges will
time out since not refreshed.

2.4.8 Heterogeneous bridged LANs
The LLRMP can operate in a heterogeneous environment where only parts of the bridged LAN support
the new protocol. Existing bridges and switches will forward LLRMP reservation messages through all
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their ports since a new ethertype and a multicast address are used to exchange protocol status informa-
tions. Non LLRMP clouds between two LLRMP nodes/bridges are treated as one single logical seg-
ment for allocating resources.

3. Service Mapping

At invocation, the LLRMP receives the request for a certain service specified in the service identifier.
During reservation setup, this service may be mapped to a link specific service whenever the link tech-
nology along the data path changes. Different technologies have different properties and might there-
fore provide different services. Resources for a particular service might also be completely utilized,
when a request arrives, but other services might still have capacity available. A link technology may
also only provide a guaranteed service and emulate other services by reserving link resources within
the guaranteed service. The mapping rules between different services are for further drafts.

4. LLRMP Relationship to RSVP, ST-lI

RSVP and ST-II are the resource setup protocols designed for an Integrated Services Internet. They are
used by applications to request a specific quality of service from the network. After receiving a request,
RSVP or ST-1l reserve resources on each link along the way between source and receiver(s).

If a LAN is involved in the data path, then the request for the link is passed to the LLRMP. Reservation
requests are made at the node where the traffic enters the bridged LAN. This node could be an end-
host, a router or a gateway. The service calling conventions are straightforward for ST-1l because it per-
forms a sender initiated resource reservation. During reservation setup, aB@GNNECTmessage

travels downstream from the source towards the receiver(s). It contains the flow specification of the
source and a list of all targets. In contrast, RSVP uses a receiver basedRAdHBnessages carry

the sender’s traffic characteristit3peg§ downstreamRESVmessages are used for signalling the serv-

ice requestRSpet of the receiver(s). They travel upstream towards the source.

RSVP makes a reservation request for a flow to the LLRMP after is has recé@tiand aRESV
message for this flow, because this provides the required informatped, RSpeneeded to do the
request.

4.1 Support of RSVP Reservation Styles

RSVP offers several reservation styles. These styles are defined according to the reservation type and
the sender selection used. Reservations are silheed when data packets from different senders use

the same reservation on a link,ddstinct when resources are established for each sender of a session.
The sender selection is eithexplicit which requires a list of all selected senders,wildcard which

implicitly selects allsendergo a session. RSVP currently defines fheed-Filter- (FF), the Shared-

Explicit- (SE) and theWildcard-Filter (WF)style. Their mapping onto LLRMP mechanisms is dis-
cussed in the following:
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4.1.1 Fixed-Filter Style Reservations

The Fixed-Filter (FF) style establishes a distinct reservation for explicit senders. The mappifg-of a
reservation onto the LLRMP is straightforward. An example f&ixad-Filter reservation was dis-
cussed for Figure 2 in section 2.3.6.

For unicast flows, RSVP requests Fixed-Filter style reservations by passing the service identifier
service_idthe flow specificatiof-Speg¢ the traffic characterisatiohSpe¢ and the receiver specifica-

tion RecvSpec_Ro the LLRMP. The receiver specificati®ecvSpec_Rontains the receiver address
Addr_Rand the service requdSpec_Ror that receiver. Symbolically, the service request can be rep-
resented by:

FF (service_id, FSpec, TSpec, RecvSpec_R

For multicast, the service request can contain one or a list of receiver specificatiofed®8pec
may contain a receiver wildcard which specifies the default service for the group. A multicast service
request can be represented by:

FF (service_id, FSpec, TSpec, RecvSpec_R1, RecvSpec_R2, ..., RecySpec W

whereRecvSpec_RRecvSpec_R2.., etc. denote the receiver specification for the recéRErf2,
... , etcRecvSpec_W¢ the receiver wildcard service specification.

The LLRMP reserve®RSpec_R&Along the data path &1, RSpec_Zalong the data t®2, ... , and
RSpec_Wor all other multicast receivers in the group. If parts of the data path overlap or the required
routing information is not present in a particular bridge then the ‘maximuRSpec 1RSpec 2...,
andRSpec_Ws allocated, where the maximum denotes the most stringent service requirement. Note
that the wildcard receiver specificatiBecvSpec_Wan be omitted in the request.

4.1.2 Shared Reservations

Shared reservations are being studied. In this section we only discuss the basic concept used by the
LLRMP to support shared reservations. The exact mechanisms are defined in a future draft. The dis-
cussion assumes that bridges support rate regulation on a per flow basis.

Shared reservations are made using the rule:

In bridged networks, shared reservations can be made when flows from different sources share
the same output port of a bridge/switch. If data packets are injected onto the same segment from
different source nodes then distinct reservations have to be reserved.

This is because there is no sychronization mechanism between different nodes on existing link technol-
ogies which can ensure that the aggregate traffic injected by several nodes is smaller than the resources
reserved.
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Figure 3 illustrates a simple example with two data sougdemndS2and one receiveR in a single-
hop bridged LAN topology. Both sources send to the multicast growhich was joined by receiver
R.

S1 S2
Segment 1 ? ?
==7
Segment 2
1)
R

Figure 3:LLRMP Shared Reservation on a bridged LAN.

A reservation request is made at both souEandS2 Assume that the request specifies Bat
resources are to be shared between all sources sending tggfdup corresponds to a RSWHKId-
card Filter reservation. Then assume that the reservation request is first invdk&dTae LLRMP
reservedB resources on segment 1 @desources on segment 2 for sougde The reservation setup
for that was already discussed.

If the reservation request is now invoked at so&2ten the LLRMP will also resenigresources for
sourceS2on segment 1. Even though the request specified shared reservations, distinct reservations
have to be made fd81andS2on segment 1. However the resources on segment 2 can be shared
because the rate regulator on the bridge ensures that the aggregate tragitdrui82never exceeds

the reservatiom. Note that in this example, the reservation request messag&fdaes not have to

be forwarded onto segment 2, since shared resources were reserved earlier by the reservation request
message from sour&il

After the reservation setup is finished, the LLRMP has res&Begsources on segment 1 aRd
resources on segment 2.

5. Functional Specification

The exact message formats are defined in a future draft.
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